Purpose: While obesity at time of prostatectomy has been associated with prostate cancer recurrence, it is unknown whether obesity before or after surgery, or weight change from the years prior to surgery to after surgery is associated with recurrence. Thus, we examined the influence of obesity and weight change on recurrence after prostatectomy.
Introduction
Approximately 20% of men with clinically localized prostate cancer who undergo radical prostatectomy recur within 10 years post-surgery (1) . Currently, there are no evidence-based recommendations for men to reduce their risk of recurrence after treatment. Focusing on modifiable factors may provide opportunities for men with prostate cancer to prevent recurrence and improve their overall well-being through behavior change.
Obesity measured at or near time of treatment for early stage prostate cancer has been associated with increased risk of recurrence in most (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) , but not all studies (16) (17) (18) (19) . Obesity has also been associated with high grade disease at diagnosis, and the development of advanced or fatal prostate cancer, but not total prostate cancer incidence (20-23). However, the relevant timing of obesity (e.g., before or after diagnosis) to risk of prostate cancer recurrence has not been established. Further, whether weight change influences risk is largely unstudied. Weight gain between young adulthood and time of diagnosis was associated with prostate cancer recurrence in one prospective study; though, the analysis did not account for important clinical and pathological factors that may have confounded the association (8) . Determining the relevant timing of obesity and understanding the effect of weight change on prostate cancer recurrence are necessary to both elucidate the mechanism by which adiposity influences risk and to develop strategies to prevent recurrence.
Physical inactivity may exacerbate the obesity-related risk of prostate cancer recurrence, though this relationship has not been explored. While studies of physical activity and prostate cancer incidence have been inconsistent overall (24) , several of the recent large studies suggest at least some benefit of increased physical activity on prostate cancer risk (25) (26) (27) . We investigated the association of obesity 5 years before and 1 year after prostatectomy, as well as weight change during this time period with prostate cancer recurrence in a retrospective cohort study. We selected the interval of 5 years before surgery to 1 year after surgery to capture the possible influence of weight gain on cancer cells that may have escaped from the primary tumor before surgery. We also assessed both the independent and modifying effects of physical inactivity, an obesity-related behavior.
Methods

Study Population
We conducted a retrospective cohort study of men with clinically-localized prostate cancer who underwent radical retropubic prostatectomy performed by the same surgeon at Johns Hopkins between January 1, 1993 and March 31, 2006 (n=2,498). Men were excluded if they previously had hormone or radiation therapy (1.2%). For all men eligible for this study, electronic or paper medical records were reviewed by one abstractor (AMM) who was blinded to recurrence status. Information
In the survey, the men self-reported their weight and physical activity level at 5 years before surgery and 1 year after surgery. In this retrospective study, we chose to evaluate 1 year after surgery, as opposed to at the time of surgery, to avoid weight and behavior change specifically related to diagnosis and treatment of the initial prostate cancer.
We calculated body mass index (BMI) using height and weight data, and classified men as normal (<25 kg/m 2 ), overweight (25-29.9 kg/m 2 ), or obese (≥30 kg/m 2 ). Weight change was defined as the difference in self-reported weight at 5 years before surgery and 1 year after surgery. To capture physical activity, men were asked the number of hours per week they spent "doing leisure time physical activity (walking, running, lap swimming, bicycling, and other sports)." Physical activity at 5 years before surgery and at 1 year after surgery were categorized into tertiles for primary analyses (<4 hrs/wk, 4-6 hrs/wk, and ≥7 hrs/wk). For stratified analyses, physical activity at 1 year after surgery was divided at the median value (≥5 hrs/wk as physically active, <5hrs/wk inactive). Men were asked whether they had ever received a diagnosis of diabetes from a doctor and the month and year of the diagnosis. Men were classified as having been diagnosed before or after surgery (but before recurrence).
Outcome Assessment
Men were evaluated by their primary care physicians with PSA tests and digital-rectal examinations every three months for the first year post-operative, semiannually for the second year, and annually thereafter. Recurrence was defined as confirmed PSA re-elevation to ≥0.2 ng/mL above a nadir of non-detectable, local recurrence, metastasis, or death from prostate cancer. Annually, the surgeon contacted the men to request that their physician send their most recent PSA test results. report or linkage with the National Death Index. Of the 102 men who recurred, 11% had metastases or died from prostate cancer.
Statistical Analysis
We calculated age-adjusted means and proportions for demographic and other factors by BMI 5 years before surgery and weight change using regression modeling. Men began contributing time at risk starting 1 year after surgery. Cases were men who recurred after the first year post surgery. We used Cox proportional hazards regression to estimate the hazard ratio (HR) of recurrence for obesity and physical activity at 5 years before surgery and at 1 year after surgery, and weight change. Weight change was modeled in two ways. First, we used indicator variables for weight loss and gain with maintenance as the reference, defined as a weight change ≤ 2.2 kg, to allow for minor weight fluctuation. Second, to avoid subjective cutpoints and assess the shape of the association, continuous weight change was modeled using restricted quadratic splines with knots at the 10 To test whether the association between weight gain and recurrence was consistent with a linear dose-response, we used the likelihood ratio test to compare the linear and spline models. We confirmed the proportional hazards assumption for all models by including an interaction term between the main effect and follow-up time in the model and testing the coefficient using the Wald test. All models were compatible with the proportional hazards assumption. To test for trend across levels of BMI, physical activity, and weight change, we assigned each man the median value within his category of weight. The median values were modeled and the coefficient was tested with the Wald test. To explore whether physical activity level use modified the association of obesity and weight gain and with recurrence risk, we stratified the analysis by physical activity level. Three primary analyses were performed for obesity and physical activity: (1) adjusted for age; (2) adjusted for age and non-modifiable risk factors including race/ethnicity, family history, year of prostatectomy, pathological stage and grade; and (3) adjusted for all covariates in the previous models plus modifiable risk factors including cigarette smoking status, and mutual adjustment for physical activity and BMI in the same time period. Because weight and weight change are correlated, to determine the independent association for weight change and recurrence, we adjusted for weight at 5 years before surgery and height along with the non-modifiable factors (listed above), cigarette smoking status and physical activity. In the primary analyses, diabetes did not appear to be a confounder and thus was not included in the models. In sub-analyses, we further adjusted for preoperative PSA, excluded men with positive surgical margins, and excluded men with diabetes. All analyses were conducted using SAS version 9.1 (Cary, NC). All tests were two-sided and results were considered statistically significant if p<0.05.
Results
At 5 years before prostatectomy, approximately 53% of men were overweight and 9% were obese. The men who were obese were also less active 5 years before surgery, more likely to be former smokers and to report a diagnosis of diabetes (Table 1) . After pathologic review, obese men were less likely to have organ-confined disease and more likely to have positive surgical margins.
Between 5 years before surgery and 1 year after surgery, 13.9% of men gained >2.2 kg and 12.7% of men lost >2.2 kg. Men who gained weight were younger and more likely to be current smokers (Table   1) . Men who lost weight were more likely to be diabetic. Compared with men who maintained their weight, men who lost weight had a higher BMI and were less active at 5 years before prostatectomy. Men who were obese at 5 years before prostatectomy appeared to have an increased ageadjusted risk of prostate cancer recurrence compared to normal weight men; though this association was not statistically significant and was attenuated in the multivariable models (Table 2) . Overweight men did not have an increased risk of recurrence as compared to normal weight men. Likewise, physical inactivity at 5 years before prostatectomy was not associated with risk of prostate cancer recurrence.
Obesity at 1 year after surgery was associated with a two-fold increase in risk of prostate cancer recurrence as compared to normal weight men after adjustment for age. After multivariable adjustment, the association was modestly attenuated, and no longer statistically significant. In subanalyses, non-statistically significant positive associations between obesity at 1 year after surgery and recurrence were observed with additional adjustment for pre-surgery PSA (multivariable adjusted Men who gained weight were at a nearly two-fold increased risk of prostate cancer recurrence when compared to men who maintained their weight; this result was statistically significant (Table 3) .
Men who lost weight appeared to have a lower risk of prostate cancer recurrence, though the association was not statistically significant. When the association between weight change and recurrence was modeled using restricted quadratic splines, the risk of prostate cancer recurrence increased with increasing weight gain, whereas risk appeared to decrease with weight loss (Figure 1 Among inactive men, obesity at 1 year after surgery was associated with a nearly two-fold increased risk of prostate cancer recurrence, though not statistically significant (Table 4) , whereas the association for obesity 1 year after surgery was attenuated among active men. Physical inactivity did not modify the elevated risk of recurrence in men who gained weight; the risk of recurrence was higher in men who gained weight irrespective of physical activity level (Table 4) .
Discussion
In this retrospective cohort study, weight gain from 5 years before prostatectomy to 1 year after was associated with a nearly two-fold increased risk of prostate cancer recurrence. This association remained significant even among physically active men. Further, there appeared to be a linear association between weight change and recurrence, suggesting that risk of recurrence increased with increasing weight gain, and decreased with increasing weight loss.
Obesity and weight gain may influence risk of prostate cancer recurrence through several mechanisms, including metabolic, hormonal, and inflammatory pathways. Obese men tend to have higher insulin and leptin levels and lower androgen levels (23) . These metabolic and hormonal changes may differ throughout the natural history of weight change. The consequences of these adipose-mediated metabolic and hormonal changes may influence prostate cancer differently depending on when they occur during the natural history of prostate cancer carcinogenesis: before disease is present, early in the natural history, or after detection or treatment. We focused on the time frame when the tumor is present, but not yet diagnosed, and cancer cells are escaping from the primary tumor before the prostatectomy. We thus addressed the influence of weight change on the ability of those cancer cells to escape, survive and proliferate. Future studies should address whether weight change in the years following prostatectomy influences recurrence independent of weight change circa diagnosis and surgery.
While weight gain from young adulthood to middle age is not associated with or inversely associated with prostate cancer incidence in most (28-37) but not all studies (38) , only one previous study has addressed weight gain and prostate cancer recurrence. Strom and colleagues evaluated annual weight gain from age 25 to time of diagnosis; they reported an unadjusted two-fold increased risk of recurrence among men with an annualized average weight gain >1.5 kg/yr (8) . Because only an unadjusted analysis was reported, it is unclear whether weight gain was a risk factor for recurrence independent of obesity and/or pathologic characteristics. In our study the positive association between weight gain and recurrence was independent of pathological tumor characteristics as well as cigarette smoking status, physical activity level, weight and height.
In our study, obesity 1 year after surgery appeared to be associated with an increased risk of recurrence; an association that was attenuated among physically active men. Obesity in middle age has been extensively studied for prostate cancer incidence and mortality, and obesity at time of surgery for risk of prostate cancer recurrence. Specifically, obesity in middle age has been associated with a higher incidence of advanced stage and higher grade prostate cancer, a higher risk of death from prostate cancer, and obesity at diagnosis has been associated with higher case fatality in men with prostate cancer (22, 23). In contrast, obesity has been observed to be either not associated or reporting a positive association between obesity at the time of surgery and recurrence (2-4, 7, 8, 12,   13, 15) , including for a prior study conducted in prostate cancer patients of the one surgeon (5) and of multiple surgeons at Johns Hopkins Hospital (6).
We also evaluated whether the associations for weight change and obesity were modified by physical inactivity. We assessed these interactions because this potential modifiers may also influence metabolic, hormonal and inflammatory pathways (23, 39 ). While we found suggestions that physical activity differentially influenced the associations of obesity and weight change with recurrence, these findings were not statistically significantly different.
We evaluated obesity, physical activity, and weight change in a cohort of men with prostate cancer who underwent radical prostatectomy performed by the same surgeon. Obesity is associated with worse stage/grade at time of diagnosis (22, 23), which is, in turn, a strong predictor of recurrence. Thus in our analysis, we adjusted for pathologic stage and grade, so that the independent effects of obesity and of weight gain could be detected. Because all men had to be healthy enough to undergo surgery, the prevalence of obesity was much lower in our sample than in the US population.
Despite this select group of patients of a single surgeon, we expect that our findings are generalizable across the range of BMI and weight change present in our study. Because these men had clinicallylocalized disease, we had low power to perform sub-group analyses by stage and grade. Although obesity is associated with PSA in men without a diagnosis of prostate cancer, previous work found no difference in the performance of PSA as a predictor of biochemical recurrence by weight status (40).
Adjustment for pre-surgery PSA level did not change our inferences. We asked the men to report their leisure time physical activity using a single question; this measure was not validated and may not capture the full range of activity in all men. Our measures were retrospective, so may be subject to recall bias. 
